The aims of the current study were to 1) examine the effects of hypoxia and acidosis on cultured cortical neurons, and 2) explore the role of transporters and ion channels in hypoxic injury. Cell injury was measured in cultured neurons or hippocampal slices following hypoxia (1% O 2 ) or acidosis (medium pH 6.8) treatment. Inhibitors of transporters and ion channels were employed to investigate their roles in hypoxic injury. Our results showed that (1) neuronal damage was apparent at 5-7 days of hypoxia exposure, i.e. 36-41% of total LDH was released to medium, (2) acidosis alone did not lead to significant injury compared to non-acidic, normoxic controls. Pharmacological studies revealed that (1) no significant difference in neuronal injury between controls (no inhibitor) and inhibition of Na 1 (NHE1) with either 10µM HOE642 or 2µM T-162559 resulted in dramatic hypoxic injury (+95% for HOE642 and +100% for T-162559 relative to normoxic control, p<0.001) on the treatment day 3, when no death occurred for hypoxic controls (no inhibitor). No further damage was observed by NHE1 inhibition on the treatment day 5. We conclude that inhibition of NHE1 accelerates hypoxia-induced neuronal damage. In contrast, DIDS rescues neuronal death under hypoxia. Hence, DIDS-sensitive mechanism may be a potential therapeutic target.
controls. Pharmacological studies revealed that (1) no significant difference in neuronal injury between controls (no inhibitor) and inhibition of Na ] i (16, 22, 25) .
Ionic disturbance is an early event in the cascade leading to hypoxic injury in the mammalian brain (16, 22, 25) . Some of the important ionic changes, as demonstrated by many studies, pertain to Ca In the present study, we examine (1) the response of cultured neurons or slices to hypoxia or acidosis; (2) roles of certain ionic exchangers, channels and pumps in hypoxic neuronal damage with aid of pharmacological inhibitors.
Materials and Methods

Primary neuronal culture
Animal use was approved by the Institutional Animal Care and Use Committee of the University of California, San Diego. Primary cortical neuronal cultures were prepared from embryonic day 16-17 mice (Charles River CD-1 strain)(49). In brief, mice were decapitated and cortical tissue was collected, minced and dissociated with trypsin (0.25 mg/ml in Hank's Balanced Salt Solution without Ca 2+ and Mg
2+
) at 37ºC for 15 min. Trypsin activity was stopped by a trypsin inhibitor (volume ratio1:1). Then the cell mixture was passed through 80 nm mesh to remove cell clumps and centrifuged at 1400 rpm for 5 min at 4ºC. The cell pellet was resuspended in serum-free Neurobasal Medium (GIBCO, BRL, Grand Island, NY), supplemented with 1x B-27 Minus AO, 0.5 mM glutamine, 25 µM glutamate, 50 µg/ml penicillin, and 50 µg/ml streptomycin. Neurobasal/B27 culture medium was chosen instead of DMEM/F12 medium because the former provides optimal growth and long-term viability of hippocampal and other CNS neurons. In addition, glial cell growth is reduced to less than 0.5% for a nearly pure neuronal population (10). Cells were plated at 1 x 10 6 cells/ml on poly-D-lysine (0.1 mg/ml,
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Sigma, St. Louis, MO) coated 6-well plate. The cultures were maintained in a humidified atmosphere of 95% air and 5% CO 2 at 37ºC. Half of the medium were replaced with fresh medium without glutamate every 3 days. Two-week in vitro culture allows neurons grow back their processes and make cell contact. Afterwards, hypoxia (1% O 2 ) or acidosis (medium pH 6.8) was given for a period of 7 days. Culture media and cell lysates were taken and analyzed for LDH activity on treatment days 1, 3, 5, and 7. Hypoxia and acidosis were separately studied because both could contribute to cell damage independently.
Treatments with pharmacological agents
Several pharmacological inhibitors of transporters and ion channels were chosen to study their roles during hypoxia (summarized on 
Organotypic hippocampal slice cultures
Hippocampal slice cultures were prepared and maintained as described previously (36).
Briefly, CD1 mice (Charles River Laboratories, Raleigh, NC), 6-8 day old, were anesthetized with halothane. The brains were removed and transferred quickly into an ice-cold dissection medium (Gey's balanced salt solution supplemented with D-glucose 6.5 mg/ml). Hippocampi were dissected out and cut transversely into slices of 300 Pm thick using a Vibratome™ 800 - 
Quantification of cell death
Cell damage was assessed in the cultured slices with Propidium Iodide (PI) which enters the cell and intercalates into the DNA with enhanced fluorescence. Five Pg/ml PI was added into the culture medium 24 hours before image acquisition and kept at the same concentration throughout the experiment. PI fluorescence was observed on an inverted microscope equipped with a rhodamine filter set that has a 540-552nm band-pass filter for excitation and a 590nm 
Statistical analyses
All values were represented as means ± SE. Statistical significance was calculated by the one-way ANOVA with Bonferroni post test. Differences in means were considered significant if p< 0.05.
Results
Neuronal injury under hypoxia (1% O 2 ) or acidosis (medium pH 6.8)
Primary cultured neurons were exposed to either 1% O 2 or pH 6.8 medium for 7 days starting with in vitro culture day 14. The culture medium was collected on treatment days 1, 3, 5, 7 and medium LDH activity (in % of total LDH) was used as an index of cell death. Our data ( Figure 1 ) revealed that 3 days of 1% O 2 did not increase medium LDH activity, indicating that cultured neurons maintained their integrity within the first 3 days of hypoxia. However, neuronal damage occurred thereafter and evident around day 5 to 7, i.e. 36-41% of total LDH was released into medium (p<0.001, n=9), suggesting that the neurons were dying by days 5-7.
In contrast, no significant difference in medium LDH activity was observed when acidosis (pH 6.8, 21% O 2 ) was compared with non-acidic, normoxic control (pH 7.2, 21% O 2 ) during a 7-day treatment period. There was a slight and progressive elevation of medium LDH activity (day 7 relative to that of day 1, 47% increase for normoxia, p< 0.01, n=9 and 24% increase for acidosis, p>0.05, n=9), suggesting that neurons die slowly during in vitro culture period. ischemia-reperfusion injury of the heart. In the present study, two specific NHE1 inhibitors (10PM HOE642 and 2PM T-162559) were used to examine their effects on primary cultured neurons. In contrast to previously published data in heart (2, 18), our results from the cultured neurons have shown that NHE1 inhibition resulted in dramatic neuronal damage at an early stage (day 3) of hypoxia treatment (+95% for HOE642 and +100% for T-162559 relative to their normoxic sham controls, p< 0.001, n=9), while no obvious injury was detected in the hypoxic control group (no inhibitor)(p> 0.05, samples n=9) (Figure 2A ). On treatment day 5, control neurons (no inhibitor) showed significant cell death under 1% O 2 (+75% relative to its normoxic control, p< 0.001, n=9). However, no further damage was observed in NHE1 inhibition group on day 5 (+114% for HOE642 and +90% for T-162559 relative to their normoxic sham controls)
Lack of effect of Na
as compared to those on day 3 (p> 0.05, n=9)( Figure 2B ).
Protection from neuronal damage by DIDS under hypoxia.
Bicarbonate transporters (BTs) superfamily is composed of the Na 
Discussion
The major finding of the current study is that DIDS, a known inhibitor of HCO 3 -transporters and Cl 
Perspectives and Significance
One significant finding of the current study is that DIDS almost completely abolishes the hypoxia-induced neuronal damage. DIDS has various beneficial actions in distinct cellular processes as discussed above. Although the neuroprotection by DIDS makes this agent an attractive therapeutic target against ischemia injury, DIDS may cause adverse effects due to its multiple effects on different pathways. On-going studies should investigate the exact mechanism underlying DIDS protection, such as the relative contribution of each ionic change (Na 
